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THE RELATION OF TOXOID DILUTION TO
IMMUNIZING CAPACITY*
JOSEPH A. BLISS
Thus far most of those procedures adopted for the production of
antibody have been of an arbitrary nature with attention chiefly
directed toward the quality and quantity of the antigen and the
parenteral route of its introduction. It is, however, becoming more
and more clear that the factors which govern the extent to which
an animal of a given species will respond with elaboration of anti-
body to a given antigen are very complex. Age, hormonal equi-
librium, dietary state, and such intrinsic factors are known to play a
role, and it is becoming obvious that certain extrinsic factors, other
than mere quantity and suitability of antigen, may also exert an influ-
ence. As an example of this, reference may be made to the work
of Hartley"'2 and of Timmerman and Brandwijk,3 a repetition of
which forms the basis of this note.
In summary, their results showed that guinea-pigs immunized
with diphtheria toxoid respond with antitoxin production to a degree
directly related to the volume of material injected, the toxoid con-
tent being constant. Thus, when tests of the developed immunity
were made by the multiple Schick test method at a given interval
after immunization with a certain quantity of toxoid only 11 per cent
of the pigs proved to be immune, whereas those pigs which had
received in immunization the same amount of toxoid diluted ten-
fold failed to react to the test toxin in 40 per cent of instances.
Several experiments of this nature gave results of a comparable
character; the diluted toxoid always exerting a greater immunizing
power than that exhibited by the undiluted material. Incidentally,
Timmerman and Brandwijk call attention to a curious and unex-
plained observation, to the effect that this favoring action of dilution
(or greater volume) is to be observed only if the tests of immunity
are made within the first 8 weeks after immunization; tests at a
later period, in their experience, showed that the immunity devel-
oped to the undiluted toxoid was the higher. This observation
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needs confirmation and, if true, merits a study of the mechanism
involved.
The present experiments were essentially of a confirmatory
nature, with certain modifications in procedure, and involved the use
of 100 guinea-pigs. These were divided into three separate experi-
ments, the first and second of 40 pigs each; the third of 20. Each
experiment confirmed, rather than supplemented, the others. Diph-
theria formol toxoid was used. Since in all instances the procedure
was the same, except for the number of test dosages of toxin used
in measuring the degree of immunity, only an outline of the first
experiment need be given.
Forty guinea-pigs were distributed into four groups of 10 each,
all pigs in each group receiving the same immunizing treatment as
indicated. Group I, one injection, subcutaneously, of undiluted
formol toxoid, 0.5 cc. Group II, one injection, subcutaneously, of
0.5 cc. oftoxoid made up to a total volume of 5 cc. with physiological
saline. This is the ten-fold dilution method adopted by Hartley
and by Timmerman and Brandwijk. Group III, five injections,
subcutaneously, in different regions of the body, of 0.1 cc. of toxoid
in a total volume for each injection of 1 cc. The amount of toxoid
thus corresponds to that given to Groups I and II; the volume to
that given Group II; the essential feature being that the toxoid, as
administered, was distributed throughout a greater area of the sub-
cutaneous tissues. The injections were simultaneous. Group IV,
five simultaneous subcutaneous injections, each consisting of 0.1 cc.
of toxoid and 4.9 cc. of saline. Thus, a total volume of 25 cc. was
administered, although the toxoid content was but the usual 0.5 cc.
Tests for the degree of immunity effected by the different modes
of antigen administration were made 28 days after the immunizing
injection (or injections,-Groups III, IV). The multiple minimal
reactive dose method was used, employing the intradermal route of
injection with a toxin whose potency had been determined by intra-
dermal titration in normal guinea-pigs. This toxin was then so
diluted that a volume of 0.1 cc. would contain that quantity, or
multiples of that quantity, which would lead, within a period of 72
hours following injection, to a necrotic reaction at the site of injec-
tion. Each pig of Group I received 6 intradermal injections, that is,
1, 2, 5, 10, 25, and 50 m.r.d.; the pigs of the other three groups
received 8, that is, 1, 2, 5, 10, 25, 50, 100, and 200 m.r.d. These
skin tests were read and recorded after the 72-hour interval.
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The second experiment duplicated that outlined above except
that in testing for immunity the 100 and 200 m.r.d. doses were
eliminated; the third experiment, comprising but 20 pigs, duplicated
Groups I and IV of experiment 1.
A summary of the results obtained in the three experiments is
offered in the table, and is expressed graphically with the number of
pigs of each group immune or non-reactive to each of the test injec-
tions given in percentage terms.
Immunizing No. tested
Group procedure for immunity
No. failing to react to the
skin test doses of toxin indicated
1 2 5 10 25 50 100* 200*
I Toxoid 0.5 30 30 27 18 9 6 3 0 0
Volume 0.5
II Toxoid 0.5 11 11 11 10 6 2 1 1 1
Volume 5.0
III Toxoid 0.5 6 6 6 6 6 4 2 1 0
Volume 5.0
5 areas
IV Toxoid 0.5
Volume25,0 25 25 25 25 21 11 10 1 0
5 areas
* These test doses used in experiment I only.
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Intercurrent infection (respiratory tract) during the 28-day
period of incubation, together with a number of deaths during the
72-hour test period (in experiment 1, due, it is inferred, to the extra
300 m.r.d. of toxin which these pigs received), so reduced the num-
ber of pigs available for testing in Groups II and III that too great
emphasis can not be placed on the results obtained. Nevertheless,
accepting the figures at their face value, they are quite in accord with
the work of the authors referred to.
Obviously, the immunizing potency of toxoid is greater when it
is injected in a more dilute state, that is, in a greater volume of
liquid, although the limitations of this principle remain to be deter-
mined. If it were permissible to contrast Groups II and III it
would also seem that a higher degree of immunity to a given quan-
tity of toxoid in a given volume is to be expected when that quantity
is given in several injections overrather widelydistributed areas than
when the entire amount is introduced subcutaneously at one locus.
At all events, if Groups I and IV can be fairly compared, in which
both dilution and distribution are involved as variables, it is evident,
from comparison with the 50 m.r.d. test dose, for example, that
these factors are not without effect.
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